in the cells where these receptors are normally expressed (Figure 1 ). This means that all remaining GABAergic transmission in the GABA A receptor α1-deficient mouse relies upon a mixture of GABA A receptors that in many cells are composed of novel α2-3/β, β/γ subunit combinations. Since these alternative receptors vary in kinetic behavior and pharmacology according to cell type and region, characterizing inhibitory transmission in the mutant nervous system will be a lengthy process, and the design of an effective drug to target this altered pattern may be dependent upon both age and region (21) . The authors postulate that the tremor in GABA A receptor α1 -/-mice may result from a loss of GABA A signaling by cerebellar purkinje cells but without actual degeneration of the cells (14) . This would be consistent with the pathological studies in ET, which have so far not demonstrated microscopic cerebellar pathology in postmortem brains of patients with ET (22) . It should be noted, however, that the GABA A receptor α1 mutant mice have an overall reduction in brain size of about 15%, limiting the ability to directly attribute the tremor to this specific purkinje cell-signaling defect.
Conclusions
In summary, this new model of inherited tremor is welcome because it places GABA A receptor α1, a well-known ligand-gated channel subunit, on the list of possible candidate genes for evaluation as a pathogenic cause of human ET and provides an excellent model for tracing the developmental cascade of signaling changes that lead to a tremulous phenotype. If the lessons learned from the investigation of other neurological disorders in mice are any guide, a human variant will soon be in hand; however, whether the human mutant will display tremor is not yet known. Only at that point can we comfortably conclude that the mouse mutant provides a truly "essential" model of the disorder. The pathogenesis of Crohn disease and of ulcerative colitis (UC), the 2 major forms of inflammatory bowel disease (IBD), involve a complex interplay among certain genetic, environmental, and immunological factors. Research in the last decade resulted in considerable progress in defining key inflammatory pathways in the inflamed gut and identifying new potential therapeutic targets. In particular, administration or manipulation of immunomodulatory cytokines have been proposed as alternative therapeutic strategies to modulate or inhibit proinflammatory cytokine production in IBD. Although, in the case of Crohn disease, novel strategies to inhibit TNF-α (e.g., administration of the anti-TNF-α monoclonal antibody, infliximab), IFN-γ, and IL-12 have been used in clinical trials (1, 2) , relatively few successful studies using anticytokine agents for the treatment of UC have been performed. Recently, type I IFN-α and IFN-β (IFN-α/β) have been evaluated in pilot clinical trials in active UC. In these studies, a subgroup of patients responded to therapy with IFN-α 2a or IFN-β; however, the results were too preliminary for final conclusions regarding efficacy to be drawn (3, 4) .
Illuminating the role of type I IFNs in colitis
Type I IFNs consist of the protein products of various, mainly intron-less, genes including 14 IFN-α genes and a single IFN-β gene. These molecules use a common heterodimeric receptor complex expressed on most cell types throughout the body. Due to their rapid and high level of production following viral infection, they were initially characterized as potent inhibitors of viral replication and hence have been used in the therapy of viral infections such as hepatitis B and C. However, it is now evident that IFN-α/β have important immunoregulatory functions, e.g., during inflammation or nonviral infections (5).
The role of IFN-α/β in the normal and inflamed gut
It is astonishing to realize that in spite of the existence of clinical trials on the use of IFN-α/β in the treatment of UC, there is only very limited information about their expression and biological function in the immune system of the human gut. Moreover, there is little published data regarding the activity of these molecules in animal models of IBD. In this issue of the JCI, Katakura and colleagues report that they have discovered a protective role for IFN-α/β in a murine model of experimental colitis (6) . These results underscore a potentially important protective role for type I IFNs in intestinal homeostasis and suggest that strategies to modulate innate immunity may be of therapeutic value for intestinal inflammatory conditions.
In previous reports, it was shown somewhat unexpectedly by the Katakura group and others that pretreatment of mice, before induction of dextran sulphate sodium (DSS) colitis with bacterial DNA or synthetic oligonucleotides containing unmethylated CpG dinucleotides, ameliorates colonic inflammation (7) (8) (9) . Based on these earlier observations, Katakura et al. (6) have now explored the role of IFN-α/β, which are strongly induced by CpG-containing oligodeoxynucleotides (CpG ODNs), in CD11 low B220 + Gr1 + plasmacytoid dendritic cells and macrophages in acute DSS-induced colitis in mice (Figure 1 ). They demonstrate in several experiments the existence of a Tolllike receptor 9-dependent (TLR9-dependent) mechanism of IFN-α/β induction, which accounts for CpG ODN-mediated protection. This effect is also evident in mice deficient in T and B lymphocytes and, hence, apparently independent of the presence of the adaptive immune system. Mice lacking the IFN-α/β receptor were resistant to the CpG ODN-mediated effect and, interestingly, in comparison to wild-type controls, these mice suffered from increased mortality rates in response to DSS treatment without CpG ODN pretreatment. This suggests that endogenous mechanisms, such as the entry of bacterial DNA into the mucosa after DSSinduced epithelial damage, induce production of antiinflammatory proteins such as IFN-α/β. These data now provide a rational basis for an in-depth analysis of IFN-α/β function in gut homeostasis. In this regard, real-time PCR experiments with specific IFN primer sets and analysis of the kinetics of the differential expression of IFN response genes could be helpful in the search for an optimal IFN-based therapy. However, there are potential concerns about the therapeutic window of CpG ODN or recombinant IFN-α/β (rIFN-α/β) treatment. There is evidence that CpG ODN treatment is only effective when given prior to DSS treatment while administration to mice with chronic colitis in fact worsens disease (8, 10) . Thus, administration of CpG ODNs in chronically active UC may augment rather than suppress intestinal inflammation. In addition to IFN-α/β, CpG ODN-TLR9 signaling strongly induces the NF-κB-dependent expression of proinflammatory cytokines, such as IL-6 and IL-12, that exert potent proinflammatory effects in T cell-dependent colitis (11, 12) . It will therefore be interesting to see whether rIFN-α/β administration has fewer of these unwanted side effects compared to CpG ODN administration and whether it will be effective in the chronic phase of DSSinduced colitis.
It is well established that the adaptive immune system (in particular CD4 + T cells) is absolutely required for both gut homeostasis and a deregulated chronic immune response against the commensal microflora (13). Although the function of type I IFNs on T cells is incompletely understood, an important rationale for the trial of IFN treatment for UC was the known function of IFN-α/β on T cells. In fact, IFN-α/β was shown to stimulate production of the antiinflammatory cytokine IL-10 by human CD4 + T cells (14) . Furthermore, IFN-α/β modulates Th1 responses (15) and inhibits production of Th2 cytokines (16) , some of which (e.g., IL-5, IL-13) are upregulated in the mucosa of patients with UC (17) . Interestingly, recent studies suggest that IFN-α/β is able to induce regulatory T cells (18) and, moreover, intestinal CD8 + plasmacytoid dendritic cells producing IFN-α/β after CpG ODN stimulation were shown to induce the differentiation of naive T cells to IL-10-secreting T regulatory 1-like cells (19) .
The protective effect of CpG ODNs seems to be independent of IL-10, as they ameliorate spontaneous colitis in IL-10-deficient mice (7). However, a key remaining question is whether IFN-α/β treatment is beneficial in T cell-dependent animal models of colitis such as the well-established adoptive CD4 + CD45RB high transfer model (20) . Such detailed characterization of the biological function of IFN-α/β in experimental animal models will undoubtedly be of great value for future clinical trials in IBD.
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